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Resistance evolution and change of detoxification enzyme activity in a strain 


of Helicoverpa armigera selected with a mixture of fenvalerate and phoxim 
YANG En-Hui[] LIN Yan [] WU Yi-DongT] Department of Entomology[] College of Plant Protection & Key 
Laboratory of Monitoring and Management of Crop Diseases and Pest Insects[] Ministry of Agriculture[] Nanjing 
Agricultural University[] Nanjing 210095[] China[] 

Abstract[] The resistant YS-FP strain of Helicoverpa armigera was selected from the susceptible YS strain with 
a mixture of fenvalerate and phoxin[] a.i.[] 1:100 for 16 generations. Compared with the YS strain[] the YS- 
FP strain developed 14.7-fold resistance to the mixture itself[] 2 170-fold resistance to fenvalerate and 3. 1-fold 
resistance to phoxim. During 16 generations of continuous selection with the mixture[] the co-toxicity coefficient 
decreased gradually after a brief increase at Е, and the interaction between fenvalerate and phoxim against the 
YS-FP strain changed from synergism to antagonism. The YS-FP strain had significant cross resistance to three 
pyrethroidd] cypermethrin[] deltamethrin and cyhalothrin[ [] triazophos and methomyl[] but no cross resistance to 
endosulfan[] spinosad and emamectin. The cytochrome P450 oxidase O-demethylation activity in midguts of 6th 
instar larvae from the YS-FP strain was 10-fold of that from the YS strain[] and the glutathione S-transferase 
activit}] CDNB conjugation[] and esterase activity] to the substrate o-naphthyl acetate[] of 3rd instar larvae 
from the YS-FP strain were 1.7- and 2.4-fold respectively compared with the YS strain. The selection of the 
fenvalerate and phoxim mixture in the YS strain of H. armigera resulted in broad-spectrum cross resistance[] 
multiple metabolic resistance mechanisms[] especially enhanced cytochrome P450 oxidase[] and antagonistic 
effect between fenvalerate and phoxim. The results suggested that the role of such fenvalerate апа phoxim 


mixture in resistance management of Н. armigera could be limited and temporary . 
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Table 1 Resistance development of the YS-FP strain to the fenvalerate and phoxim mixture, fenvalerate and phoxim 











ПП ПП 0 [] Slope LD4J е0 O 95%0 000 ПППП * 
Insecticides Generation П + 80 LD4J] pg/larvall] 9596 FLO RR* 
ПППП-ППППП Fo 2.433 + 0.243 0.151] 0.128 ~ 0.1920 1.0 
Fenvalerate/phoxim mixture F, 1.727 + 0.246 0.251] 0.195 ~ 0.3320 1.6 
Е; 2.649 + 0.336 0.664] 0.553 ~ 0.8300 4.3 
Е; 2.766 + 0.334 0.738] 0.438 ~ 1.4050 4.7 
Fs 2.741 + 0.318 1.111] 0.929 ~ 1.3480 74 
Fio 3.669 + 0.427 1.214] 1.039 ~ 1.4230 7.1 
Ер 3.711 + 0.438 1.719 1.471 ~ 2.0090 10.9 
Fu 3.071 + 0.352 1.851] 1.561 ~ 2.2060 11.8 
Fis 3.060 + 0.405 2.301] 1.159 ~ 3.0310 14.7 
0000 Fenvalerate Fo 1.214 + 0.221 0.044] 0.027 ~ 0.0660 1.0 
F, 1.265 + 0.253 0.438] 0.282 ~ 1.0070 9.5 
Е; 0.978 + 0.259 1.811] 0.871 ~ 14.3170 39.4 
Е; 0.911 + 0.225 9.781] 5.955 ~ 27.3500 213 
Fs 0.865 + 0.222 18.841] 11.273 ~ 56.1350 410 
Fio 0.998 + 0.223 28.784] 18.812 ~ 58.1830 626 
Ер 1.158 + 0.233 71.423] 48.047 ~ 139.5620 1550 
Fi - » 100 >2 170 
Fi - » 100 >2 170 
000 Phoxim Fo 2.406 + 0241 0.449] 0.363 ~ 0.5750 1.0 
F, 1.994 + 0.271 0.811] 0.543 ~ 1.4880 1.8 
Е, 2.158 + 0.312 1.1410 0.899 ~ 1.5670 2.5 
Е; 2.821 + 0.323 1.001] 0.836 ~ 1.2040 2.2 
Fs 2.581 + 0.320 1.138] 0.920 ~ 1.3790 2.5 
Fio 2.366 + 0.305 1.280 1.006 ~ 1.5740 2.9 
Ер 3.018 + 0.363 1.489] 1.036 ~ 2.0410 3.3 
Fu 2.719 + 0.378 1.519 0.625 ~ 2.4050 3.4 
Fis 2.538 + 0.373 1.371] 0.668 ~ 2.0370 3.1 


*ПППП = F, ПП LDso/ Fo 00 Іру * КК = LDso of F,/LDso of Fo. 
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Fig. 1 The trend of co-toxicity coefficient] СТС between 


fenvalerate and phoxim during selection of the YS-FP strain 


of Helicoverpa armigera 
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Table 2 Cross-resistance spectrum of the YS-FP strain compared with the YS strain of Helicoverpa armigera 


LD4] pg/0 O LD4] pg/larval* 








ПП Insecticides ҮЅ-ЕРО 0 YS-FP strain Ys 0 0 YS strain ОООО RR 
ПП ПП] Cypermethrin > 100 0.054 > 1 850 
0000 Deltamethrin > 100 0.014 > 7 140 

000000 Cyhalothrin 23.0 0.006 3 830 

O D 0 Triazophos 16.02 1.09 14.7 

000 Methomyl 3.87 0.139 27.8 

О 0 Endosulfan 0.98 0.348 2.8 

00 00 Spinosad 0.11 0.054 2.0 
UD D 0 Emamectin 0.004 0.0037 1.1 











* 30000000 100 0 Yang[] D] 20050] * 10; values of three pyrethroids are adapted from Yang et al П 20050. 
»» 0 000 -»YvsrFPDU UU LD3s/YS[] ПП 1050 ** RR = LDso of YS-FP strain/LDs; of YS strain. 
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Table 3 Detoxification enzyme activities of the YS-FP strain and the YS strain of Helicoverpa armigera 
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